We report new nearby L and late-M dwarfs (d phot 30 pc) discovered in our search for nearby ultracool dwarfs (I − J 3.0, later than M8.0) at low Galactic latitude (|b| < 15
INTRODUCTION
Nearby stars are the brightest representatives of their class, and therefore provide observational benchmarks for stellar physics. This is particularly true for intrinsically faint objects, such as stars at the bottom of the main sequence, and brown dwarfs.
⋆ E-mail: pbngoc@asiaa.sinica.edu.tw (PBN) In the last decade, many nearby ultracool dwarfs have been discovered by using the DENIS (Epchtein 1997) , 2MASS (Skrutskie et al. 1997) , SDSS (York et al. 2000) , UKIDSS (Lawrence et al. 2007 ) surveys Martín et al. 1999; Phan-Bao et al. 2001 Knapp et al. 2004; Chiu et al. 2006) or the proper motion measurement (Lépine, Shara & Rich 2002) .
However, most surveys for nearby ultracool dwarfs have tended to avoid the crowded regions of the Galactic plane. The first systematic search for ultracool dwarfs (|b| < 10
• ) was carried out by Reid (2003) , he discovered one M8 and reidentified one L1.5 previously discovered by Salim et al. (2003) . Hambaryan et al. (2004) reported an M9.0 dwarf 1RXS J115928.5−524717 (b = 9.3
• ) showing strong X-ray flaring emission. Recently, Folkes et al. (2007) discovered an L-T transition object close in the Galactic plane 2MASS J11263991−5003550 (L9, b = 10.6
• ). Four other ultracool dwarfs at low Galactic latitudes (|b| < 15
• ) were also discovered: one M8 (Cruz et al. 2003) ; one L2 (Scholz & Meusinger 2002) ; one L0 and one L4.5 ), the latter L4.5 dwarf is actually an L1+L3.5 or L1.5+L4.5 ) binary.
These discoveries of ultracool dwarfs in the Galactic plane provide additional targets with which to study the basic physical properties of stars at the bottom of the main sequence and brown dwarfs; however, many remain to be discovered.
In our previous work on an ultracool dwarf search at high Galactic latitude (|b| 15 • ), we (Phan-Bao et al. 2003) used the Maximum Reduced Proper Motion (MRPM) method to select mid-M dwarfs (2.0 I − J 3.0, ∼M6.0-M8.0) in the DENIS database. This allowed us to identify not only high proper motion (high-pm, µ 0.1 ′′ yr −1 ) M dwarfs, but also some with low proper motion (low-pm, µ < 0.1 ′′ yr −1 ), such as DENIS-P J1538317−103850 (M5.0, µ = 20 mas yr −1 ). Here we apply the same technique to a search for nearby dwarfs cooler than M8.0 (I − J 3.0) at low Galactic latitude (|b| < 15
• ) in the whole DENIS database (90% complete of the DENIS survey). This corresponds to a sky surface coverage of ∼4,800 square degrees or 44.9% of the Galactic plane (|b| < 15
• ). In this search, we discovered 20 new ultracool dwarfs and recovered 6 previously known ones, giving a significant fraction of 77% of new ultracool dwarfs in our sample.
We present our MJ versus I − J colour-magnitude relation in Section 2, and review the ultracool dwarf candidate selection in Section 3. We describe the proper motion measurements in Section 4, and the MRPM filtering of the candidates in Section 5. We present our low-resolution optical spectra and further spectral analysis in Section 6. We discuss the completeness of the sample in Section 7 and give a summary in Section 8.
COLOUR -MAGNITUDE RELATION
We identified 47 very cool and nearby (d < 32 pc) dwarfs in the literature with trigonometric parallaxes and good photometry (e.g. errors smaller than 0.2 mag) ( Table 1 ). For our limited present purpose the DENIS system is close enough to both the Cousins-CIT ( 0.05 mag, Delfosse 1997) and 2MASS systems ( 0.02 mag, Carpenter 2001). We therefore ignored the small corrections needed to transform between these photometric systems. We did, on the other hand, transform the I814 magnitudes of (Reid et al. 2001 ; Table 1 ). 2MASS 0559−1404 (T5.0, Burgasser et al. 2002) is overluminous, by more than the 0.75 magnitude offset expected for an equal mass binary system. Burgasser et al. 2003) to IC, using the linear correction of Reid et al. (2001) . Figure 1 shows the resulting (I − J, MJ) plot, and the corresponding 4 th order polynomial fit:
where a0 = 130.164, a1 = −124.899, a2 = 46.948, a3 = −7.4842, a4 = 0.4341, valid for 3.0 I − J 6.0. The rms dispersion around that fit is 0.30 mag, corresponding to a 14% error on distances.
SELECTION CRITERIA
We systematically searched the DENIS database (available at the Paris Data Analysis Center, PDAC) for potential members of the solar neighbourhood, with simple and well defined criteria. We first selected all DENIS objects which matched |b| < 15
• (low Galactic latitude) and I − J 3.0 (spectral type later than nominally M8.0, Leggett 1992). We then required that the position of the candidates in the (I − J, J − K) colour-colour diagram be within J − K = ±0.5 mag of our linear fit to the locus of ultracool dwarfs (Fig. 2) . We then computed photometric distances using the (MJ, I − J) relation established in Section 2 and retained the candidates with d phot 30 pc.
Before setting out to measure the -labour intensiveproper motions needed to use reduced proper motions as a discriminant between nearby dwarfs and distant giants (see Section 5 for further details), we eliminated the bright candidates (I < 13.0, d phot << 30 pc) within the boundaries of known low Galactic latitude molecular clouds in SIMBAD. This left 29 ultracool dwarf candidates (Table 2) for which we needed to measure proper motions. Their colour inferred spectral types range from M8.0 to ∼L8.0 ( Kendall et al. 2007; or L1.5+L4.5, Burgasser et al. 2007 ). We also searched for T dwarf candidates by using the (I − J, J − K) colour-colour diagram along with a linear fit to the colours of T dwarfs from Table 1 , however no T dwarf candidates were found. This reflects the fact that the DENIS survey with limiting magnitudes of I = 18.5, J = 16.5, K = 14.0 is not very sensitive for T dwarf detections. For example, a T0.5 dwarf (MI ∼ 19.3, MJ ∼ 14.8 et al. (1994) and MJ ∼ 13.2, Vrba et al. 2004 ) could be detected by DENIS in all three I, J and K bands were its distance within ∼7 pc, e.g. Epsilon Indi B (Scholz et al. 2003) . A relaxation in the request for detections in all three DENIS bands, for example requiring detections in the J and K bands but not the I band may allow us to detect nearby T dwarfs; however we did not consider such a search in this paper.
PROPER MOTION MEASUREMENTS
We queried ALADIN 1 and the Digital Sky Survey (DSS) server 2 for publically available scanned plates containing these candidates. Both ALADIN and the DSS archive provide access to the plates of the POSS-I (R-band), SERC-R (R-band), SERC-I (I-band), POSS-II F (R-band), and POSS-II N (I-band) surveys. ALADIN additionally contains digitized images of the ESO-R survey (R-band), which often extend the time baseline enough to significantly reduce the standard error of our proper motion measurements. We used SExtractor (Bertin & Arnouts 1996) to extract coordinates of our targets from all available digitized images. We then determined proper motions through a least-square fit to the positions at the 3 to 5 available epochs with time baselines spaning from 10 to 21 years, including DENIS 3 and 2MASS 4 . The uncertainty on the proper motion measurement is the rms dispersion around that fit. Table 3 and 4 present our proper motions and the associated standard errors for 26 ultracool dwarfs and 3 reddened main sequence stars, respectively (see Section 5 and 6 for further details). cleanly. Concretely, we use the colour-magnitude relation of giants to compute the maximum reduced proper motion that a red giant can have at a given colour -setting its tangential velocity to the Galactic escape velocity, for which we adopt a conservative 800 km s −1 (see Phan-Bao et al. 2003 and references therein) -, and then declare any object with a reduced proper motion above that value for its colour to be a dwarf. The details of the MRPM method are given in Phan-Bao et al. (2003) .
L AND LATE-M DWARF CANDIDATES CLASSIFIED BY MAXIMUM REDUCED PROPER MOTION
To use this method here for the cooler M8.0-L8.0 candidates, we had to extend the maximum reduced proper motion curve of giants towards redder colours (I − J 3.0), adding cooler giants from Fluks et al. (1994) to the Thé et al. (1990) (hereafter T90); Bessell & Brett (1988) (hereafter B88) sample used in our earlier article. Table 5 presents the photometric data used in this paper and the maximum reduced proper motion computed for giants H max I at the given colors. The following cubic least-square fit (see Fig. 3 ) is valid for 3.0 I − J 4.5, or dwarf spectral types between M8.0 and L8.0: 
The rms dispersion around the fit is 0.1 mag. Figure 3 Table 6 for references).
SPECTROSCOPIC OBSERVATIONS AND ANALYSIS

Optical spectroscopic observations
We observed the candidates on December 17-18 2006 and on May 20-25 2007 with the Double Beam Spectrograph on the ANU (Australian National University) 2.3m telescope at Siding Spring Observatory. Both gratings 158g/mm and 316g/mm were used and they provided a wavelength coverage of 6100-10200Å at 5 and 2Å resolution for gratings 158g/mm and 316g/mm, respectively. Exposures of 600-1800 seconds were taken, depending on the target magnitude. The seeing was around 2.0 ′′ . The data were reduced using the FIGARO 5 data reduction system. Smooth spectrum stars were observed at a range of airmass to remove the telluric lines using the technique of Bessell (1999) . The EG131 (Bessell 1999 ) spectrophotometric standard was used for relative flux calibration, and a NeAr arc provided the wavelength calibration. All spectra were normalized over the 7540-7580Å interval, the denominator of the PC3 index (Martín et al. 1999 ) and a region with a good flat pseudo-continuum. We also observed VB 8 (M7, for spectral classification, see Martín et al. 1999) , VB 10 (M8, Martín et al. 1999) , LHS 2065 (M9, Martín et al. 1999 ), 2MASS J22431696−5932206 (L0, Kendall et al. 2007 ), 2MASS J01282664−5545343 (L1, Kendall et al. 2007 ) and 2MASS J09211410−2104446 (L2, Reid et al. 2006 ) with the same instrument setup and used them as templates.
At the resolution of the spectra, M and L dwarfs are immediately distinguished from M giants by the presence of the NaI and KI doublets, the presence of FeH bands, the appearance of strong CaH cutting into the continuum shortward of 7000Å, and by the absence of the CaII triplet (e.g. Bessell 1991) . Figure 6 presents spectra of 26 ultracool dwarfs (Table 3 ), and Figure 7 shows spectra of the 3 reddened F-K main sequence stars: DENIS 0649−1541, DE-NIS 0719−1738, and DENIS 0719−1749. These three stars are probably in the background of some molecular clouds and reddened by intervening dust. Using SIMBAD, we found that DENIS 0649−1541 was in the background of the [KKY2004] G226.7−07.5 molecular cloud, while DE-NIS 0719−1738 and DENIS 0719−1749 were in the vicinity of the ESO 559−6 planetary nebula.
Spectral type classifications and distances
To estimate the spectral types of L and late-M dwarfs, we used the PC3 index defined in Martín et al. (1999) and TiO5 5 http://www.aao.gov.au/AAO/figaro/ defined in Reid, Hawley & Gizis (1995) . The VOa index, defined in Kirkpatrick et al. (1999) , saturates in the M8-L0.5 spectral type range which covers a significant number of our ultracool dwarfs, we therefore only used it as a reference when there was a large difference (e.g. greater than 2 subclasses) in the spectral type estimate between PC3 and TiO5. We used spectral type versus spectral index relations to estimate spectral types, the relation for TiO5 and the Martín et al. (1999) relation for PC3. The uncertainty in the spectral indices was calculated based on the rms dispersion of the flux around the mean in the wavelength regions that were used to calculate the spectral indices. Table 6 (column 13) lists the average value of the two spectral types computed from PC3 and TiO5, except for three dwarfs DENIS 1126−5003, DENIS 1705−5441, and DENIS 1909−1937 whose spectral type estimates were based on the PC3 index only.
We also compared all spectra with our templates and with others from Martín et al. (1999) . The Martín et al. (1999) template spectral type ranged from M8 down to L6. Spectral type estimates from the best fits are listed in Table 6 (column 15) with a typical uncertainty of 1.0 subclass. These values are in good agreement with our spectral types estimated from spectral indices. Figure 8 shows two representative cases: DENIS 0630−1840 and DENIS 1909−1937. The final spectral type is an average value of the spectral type estimated from spectral indices (column 13, Table 6 ) and one from the best fit of templates (column 15, Table 6 ) with an uncertainty of 1.0 subclass.
To estimate the absolute magnitude MJ of the ultracool dwarfs, we used the absolute magnitude MJ versus spectral type relation derived from 34 late-M, and L dwarfs ( Table 1) . The T dwarfs were excluded here since no T dwarf candidates had been found in our search. A linear least-squares fit (Fig. 9) to the data gives the following absolute magnitudespectral type relation: MJ = 8.19 + 0.364×SpT, where SpT is the spectral subtype, counted from 8.0 for spectral type M8.0 to 18.0 for spectral type L8.0. The standard rms is 0.30 mag, corresponding to a 14% error on distances. One should note that for the spectral type range M8-L5.5 of our 26 ultracool dwarfs, the rms is 0.27 mag which is somewhat higher than that of Dahn et al. (2002) (0.25 mag) but smaller than the 0.37 mag of Liu et al. (2006) and 0.40 mag of Knapp et al. (2004) . Table 7 lists our spectrophotometric distances and associated errors. The errors were computed from an uncertainty of ∼0.37 mag on MJ corresponding to a spectral type uncertainty of 1.0 subclass and errors in the apparent J-band magnitudes.
One should also note that some of the 26 ultracool dwarfs must be unresolved binaries, whose distances are underestimated by up to √ 2. Kendall et al. (2007) recently reported that DENIS 1520−4422 (as 2MASSJ 15200224−4422419, see also ) is an L1+L3.5 binary. According to Bouy et al. (2003), we can expect the binary fraction of our sample to be about 10%. for DENIS 1253−5709 and DENIS 1126−5003, respectively, and suggests they may be mild subdwarfs like Kapteyn's star. A comparison of their spectra with the ultracool subdwarf spectra (Bessell 1982; Burgasser, Cruz & Kirkpatrick 2007) clearly excludes the possibility that they are ultracool extreme subdwarfs. In addition, all ultracool subdwarfs (I − J 2.0, later than ∼sdM9) known to date have J − K < 0.7 (e.g. Table 7 of , and references therein) meanwhile both DENIS 1253−5709 and DENIS 1126−5003 have J − K > 1.2. Folkes et al. (2007) have recently reported that DENIS 1126−5003 (or 2MASS J11263991−5003550) is a possible L-T transition object. This can explain the fact that the L dwarf has an optical spectral type of L6.0 (this paper) significantly earlier than its near-infrared spectral type of L9.0 ). Further observations would be useful to confirm the nature of this object as discussed in detail in their paper. Tsuji (2005) discusses complications due to dust formation in the spectra of the L-T transition objects.
Chromospheric activity
Using the IRAF
6 task SPLOT, we measured Hα equivalent widths of the 26 ultracool dwarfs (Table 7 , column 9). Only the M9 dwarf DENIS 1159−5247 (or 1RXS J115928.5−524717) shows strong Hα emission. This M9 dwarf has also shown strong X-ray flaring emission (Fuhrmeister & Schmitt 2003; Hambaryan et al. 2004) demonstrating that the dwarf has chromospheric and coronal activity. We measured an upper limit for the remaining dwarfs, which have weak or no Hα emission or low signalto-noise spectra. Unsurprisingly, the dissipation of chromospheric activity in almost our ultracool dwarfs is due to their predominantly cool, dense, and highly neutral atmospheres (Meyer & Meyer-Hofmeister 1999; Mohanty et al. 2002) .
A wide binary candidate ∼M0+L0
During the SERC-I (I-band, epoch = 1980.344) image examination, we discovered a bright star at the position α2000=13 h 47 m 55.82 s , δ2000=−76
• 10 ′ 20.2 ′′ , which has a common proper motion with DENIS 1347−7610 (L0, µRA= 0.193±0.009
′′ yr −1 , µDE= 0.049±0.020 ′′ yr −1 ). We measured its proper motion µRA= 0.181 ± 0.011 ′′ yr −1 , and µDE= 0.031 ± 0.025 ′′ yr −1 , in good agreement with the proper motion of the L0 dwarf. This primary (hereafter ASIAAa) has DENIS photometry I = 9.67 ± 0.02, J = 8.65 ± 0.05, and K = 7.81 ± 0.05, giving an I-band reduced proper motion (HI = I + 5 log µ + 5) of 11.0±0.2. This value is well above (∼ 12σ) the maximum reduced proper motion (Phan-Bao et al. 2003 ) that a red giant can have at the colour of ASIAAa (I − J = 1.02) indicating it must be a Figure 7 . Spectra of three reddened F-G main sequence stars (Table 4 ) (bottom) A K0V dwarf from Pickles (1998) is also plotted for comparison (top).
dwarf. Follow-up spectroscopic observation of ASIAAa confirmed that the star is indeed an early M dwarf. Figure 10 shows the optical spectrum at 2Å resolution of ASIAAa observed at the CTIO 4m-telescope on July 17 2007. It is very similar to the spectrum of HD 111631 (∼M0) from MILES 7 (A Medium resolution INT Library of Empirical Spectra). We therefore adopt a spectral type of M0 for ASIAAa, giving an I-band absolute magnitude MI = 7.06 (Bessell 1991) . Comparison with the DENIS I-band apparent magnitude then gives a distance of 33.3±6.1 pc, in good agreement with the spectrophotometric distance dsp = 24.9±5.2 pc of the L0 dwarf DENIS 1347−7610 (hereafter ASIAAb). The presence of Balmer line emission (Hα and Hβ) in ASIAAa indicates that the star is also chromospherically active. The projected angular separation between ASIAAa and ASIAAb is 16.8 ′′ or 418 AU at the distance of 24.9 pc.
SAMPLE COMPLETENESS, AND THE LOCAL ULTRACOOL DWARF DENSITY
The spectral types of almost all our ultracool dwarfs range from M8 to L3.5, excepting DENIS 1126−5003 (L5.5). For an L3.5 dwarf, we have MJ = 12.95, MK = 11.46 (e.g. Vrba et al. 2004) , and I − J ∼ 3.7 (see Table 1 ). The limiting magnitudes of DENIS are I = 18.5, J = 16.5, and K = 14.0, giving a detection limited distance for L3.5 dwarfs of ∼23.5 pc. This limit for L5.5 dwarfs is about 15 pc, we therefore did not include DENIS 1126−5003 (L5.5) in our sample for the statistics. One should note that a relaxation of the request of detections in all three DENIS bands (e.g. only requiring detections in the J and K bands) might allow us to detect cooler L dwarfs as we discussed for T dwarf detection (see Section 3). However such a search is outside the scope of this paper. The differential spectrophotometric distance distribution of that sample (Fig. 11) is well fitted by a d 2 distribution, as expected for a constant density population, out to ∼22 pc. The difference from the initial 30 pc selection cutoff reflects the detection limiting distance of DENIS for ultracool dwarfs and the different colour-magnitude relations used in the selection and in the final spectrophotometric distance estimate. We conservatively adopt 22 pc as the completeness limit of our sample, and use the 18 objects (Table 7) within that distance to determine the local density of ultracool dwarfs.
A sample limited by spectrophotometric distance is effectively a magnitude-limited sample with a spectral type (or colour)-dependent magnitude limit. As such, the dispersion in the spectral type-absolute magnitude relation has two distinct effects on the statistics of the stellar population (Stobie, Ishida & Peacock 1989) . First, the average luminosity of stars at a given spectral type (or colour) is increased; this is the classical Malmquist bias (Malmquist 1936 ). Second, due to the dispersion of the distance estimator a magnitude-limited sample includes more stars at a given spectral type. New nearby L, and late-M dwarfs 11 Figure 11 . Number of ultracool dwarfs per 2.5 pc spectrophotometric distance bin over 4,800 square degrees. The errorbars are poissonian 1σ errors and the curve is the expected d 2 distribution, normalized at 16 pc.
Here we study the sample of ultracool dwarfs M8-L3.5 over 11.1 MJ 13.1. The first component of the Malmquist bias is therefore irrelevant, since firstly we do not look for any significant luminosity resolution, and secondly the luminosity function is sufficiently flat over the M8-L3.5 spectral range ) that a small shift in the average luminosity will not measurably affect the resulting density. The second component of the bias, on the other hand, is significant. For a gaussian dispersion of the colour-luminosity relation it can be computed analytically (Stobie et al. 1989 ):
where Φ is the luminosity function and σ is the intrinsic rms scatter in the spectral type-luminosity relation. The scatter in the MJ versus spectral type relation is σ ∼ 0.27 mag (Fig. 9) , which corresponds to a 7% overestimate of the stellar density.
The mean surface density of our sample, 0.38 ± 0.10 objects per 100 square degrees out to 22 pc, corresponds to an uncorrected luminosity function of ΦJ = (1.76 ± 0.46).10 −3 dwarfs mag −1 pc −3 . After correcting for the Malmquist bias, this becomes ΦJ cor = (1.64 ± 0.46).10 −3 dwarfs mag −1 pc −3 , averaged over 11.1 MJ 13.1. Our value is in good agreement within error bars with the Cruz et al. (2007) measurement of ΦJ = (0.95 ± 0.30).10 −3 dwarfs mag −1 pc −3 , averaged over 11.25 MJ 13.25 (see their Table 11 and Fig. 17 ) for M8-L4 ultracool dwarfs at high Galactic latitude (|b| > 10
• ). This clearly demonstrates that the space density of ultracool dwarfs (M8-L3.5) in the solar neighbourhood does not depend on Galactic latitude, as expected.
SUMMARY
We discovered 20 nearby ultracool dwarfs M8-L5.5 with one L3.5 at only ∼10 pc and reidentified six known ones at low Galactic latitude. Four of them are low-pm ultracool dwarfs, giving a significant fraction of ∼ 15% of our sample. These ultracool dwarfs provide us additional targets for detailed studies of the basic physical properties of stars at the bottom of the main sequence. This publication makes use of data products from the Two Micron All Sky Survey, which is a joint project of the University of Massachusetts and Infrared Processing and Analysis Center/California Institute of Technology, funded by the National Aeronautics and Space Administration and the National Science Foundation; the NASA/IPAC Infrared Science Archive, which is operated by the Jet Propulsion Laboratory/California Institute of Technology, under contract with the National Aeronautics and Space Administration.
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